SUMMARY Destructive osteoarthritis is characterised by rapidly progressive joint destruction associated with intra-articular deposition of hydroxyapatite crystals. The possible role of such crystals in the pathogenesis of this condition was investigated by testing the ability of hydroxyapatite crystals to stimulate the production of bone resorbing activity from mouse peritoneal macrophages. Urate crystals were used for comparison. Culture supernatants were tested for bone resorbing activity using the mouse calvarial bone resorption assay, for interleukin 1 using a standard lymphocyte activation assay, and for prostaglandin E2 by radioimmunoassay. Culture supernatants from macrophages incubated with hydroxyapatite crystals contained dialysable bone resorbing activity, high concentrations of prostaglandin E2, but no interleukin 1 like activity. The production of the bone resorbing agent was prevented by culturing macrophages with hydroxyapatite crystals in the presence of indomethacin. By contrast, culture supernatants from macrophages incubated with urate crystals contained bone resorbing activity, which was only partly removed by dialysis, and interleukin 1 like activity. The latter was shown to be increased in culture supernatants from macrophages incubated with urate crystals in the presence of indomethacin, while production of bone resorbing activity was partially inhibited. It is considered that the bone resorbing activity liberated from macrophages stimulated by hydroxyapatite crystals can be explained by the presence of prostaglandin E2 alone, whereas the activity liberated by urate crystals is due to both prostaglandin E2 and interleukin 1.
Particles containing apatite are frequently found in osteoarthritic joints,-3 especially in those with radiological evidence of severe and rapid joint destruction.6 It has been suggested that such crystals are involved in the pathogenesis of osteoarthritis.7 8 Hydroxyapatite crystals can induce acute inflammatory reactions in human skin9 and synovitis after injection into dogs' knee joints. 10 resorption. 17 18 Recently, we described bone resorbing activity in the synovial fluids of patients with destructive osteoarthritis in association with hydroxyapatite crystal deposition'9 and suggested that hydroxyapatite crystals stimulate the local production of a bone resorbing agent from synovial 476 macrophages. This led us to examine the ability of hydroxyapatite crystals to stimulate the release of bone resorbing activity from macrophages and to examine whether this activity is due to interleukin 1. This paper describes the finding and partial characterisation of a bone resorbing agent in culture supernatants from mouse peritoneal macrophages stimulated with hydroxyapatite.
Materials and methods

PREPARATION OF MACROPHAGES
C57B1/6 black mice (10-16 weeks old) were killed by ether and washed with 70% ethanol. Eagle's minimum essential medium (5 ml) with Earle's salt (Gibco) containing 5 U/ml heparin (Evans) was injected intraperitoneally into each mouse and their abdomens massaged gently. The peritoneal fluid was collected, the cells centrifuged and resuspended in medium. The cell suspension was layered on top of a 56% percoll gradient and the gradients centrifuged (2500 g for 10 minutes). The macrophage rich bands were removed, the cells centrifuged and resuspended in medium with Earle's salts supplemented with 2 mM L-glutamine (Gibco), 10% 309 fetal calf serum (low endotoxin, batch number K223901A Gibco, Europe), 200 U/ml penicillin (Glaxo), and 100 ig/ml streptomycin (Evans). The cell concentration was adjusted to 2X106 cells/ml and cultured in 24 well plastic plates for three to four hours to allow the macrophages to adhere, then washed three times with fresh medium to remove any contaminating lymphocytes.
ADDITION OF CRYSTALS TO MACROPHAGES
Hydroxyapatite and urate crystals were synthesised according to standard methods.20 21 Their chemical purity was checked by infrared spectroscopy. They were also examined by.light microscopy, and samples containing particles of similar morphology to those found in human joint disease were used. Urate crystals were needle shaped crystals of monosodium urate monohydrate, between 2 and 10 gim long; the hydroxyapatite was partially carbonated, rounded clumps of crystals, with a diameter of between 0*1 and 5 rim. Aliquots (10 mg) of crystals were sterilised by autoclaving for one hour at 180°C, suspended in 10 ml sterile phosphate buffered saline, and sonicated for three seconds. They were added to the adherent macrophages at concentrations between 50 and 1800 ig/ml and cultured for 24 hours. Culture supernatants were harvested, centrifuged, filter sterilised, and assayed for bone resorbing activity, interleukin 1, and prostaglandin E2 concentrations both before and after dialysis. Dialysis was carried out against medium for 48 hours with 6000-8000 MW cut off dialysis membranes (Spectrapor dialysis membranes, Spectrum Medical Industries Inc, Los Angeles).
In some experiments 10V M indomethacin and 10e M hydrocortisone were added to the culture, and the culture supernatants were assayed both before and after dialysis.
BONE RESORPTION ASSAY
Bone resorbing activity was assessed quantitatively using the mouse calvarial system.22 In an attempt to characterise the factor or factors released from macrophages after stimulation with crystals the effect of indomethacin on the ability of macrophages to produce bone resorbing agents was examined. Table 1 (Fig. 4) . By contrast, urate crystals stimulated the release of interleukin 1 like activity from macrophages; this latter effect increased with increasing crystal concentrations, reaching a maximum at 500 Rg/ml. on the release of interleukin 1 activity from macrophages cultured with urate crystals (500 ,ug/ml) was investigated. Figure 5 shows that supernatants from macrophages stimulated with urate in the presence of indomethacin had significantly (p<0-01) higher concentrations of interleukin 1 than supernatants from macrophages stimulated with urate crytals alone. Culture supernatants from macrophages incubated with urate crystals in the presence of hydrocortisone contained no interleukin 1 activity, and the activity was not restored by dialysis to remove the hydrocortisone.
Macrophages cultured with hydroxyapatite or urate crystals for 24 hours were examined by electron microscopy. Both types of crystal were found to have been phagocytosed by macrophages, though crystals were also found in association with the surface membrane.
MEASUREMENT OF PROSTAGLANDINS
The prostaglandin concentrations in supernatants from macrophages stimulated with 200 sg/ml hydroxyapatite or urate crystals for 24 hours were tested by radioimmunoassay. High concentrations (above 800 pg/ml of prostaglandin E2) were found in both supernatants. After dialysis prostaglandin E2 was no longer detected in the supernatants.
Discussion
These results show that macrophages incubated with hydroxyapatite crystals release bone resorbing activity but not interleukin 1 like activity. For the following reasons we attribute the bone resorbing activity to prostaglandin E2. Culture supernatants active in the bone resorption assay had high concentrations of prostaglandin E2, which is the most potent bone resorbing agent among the prostaglandins.24 Dialysed supernatants were inactive and contained no detectable prostaglandin E2. In addition, supernatants from macrophages incubated with hydroxyapatite crystals in the presence of the prostaglandin synthetase inhibitor indomethacin lacked bone resorbing activity. The fact that indomethacin blocked production of bone resorbing activity rather than inhibiting the bone resorption assay was inferred from the observation that the activity in the culture supernatants was not restored by removal of the drug by dialysis.
In contrast with macrophages stimulated with hydroxyapatite crystals, macrophages incubated with urate crystals released both bone resorbing and interleukin 1 activity. In view of the known ability of interleukin 1 to stimulate bone resorption17 18 it seems likely that some of the bone resorbing activity in the culture supernatants must be due to the presence of interleukin 1. This is further supported by the findings that both significant bone resorbing activity and interleukin 1 activity were retained after dialysis of culture supernatants, and that hydrocortisone, which inhibits interleukin 1 production by macrophages,25 prevented the production of urate induced bone resorbing activity. Because some activity was lost during dialysis, however, we surmise that production and release of a second mediator of bone resorption, probably prostaglandin E2, is also induced by urate crystals. High concentrations of prostaglandin E2 were found in the culture supernatants of urate stimulated macrophages, and the production of bone resorbing activity was reduced but not removed by indomethacin. It '9 In the light of the findings presented in this paper it seems likely that this interleukin 1 activity is not stimulated by the presence of hydroxyapatite crystals. Nevertheless, the demonstration that crystals can induce factors which stimulate bone resorption, and the identification of such factors in patients' synovial fluid, is direct evidence for a sequence by which particles have the potential to damage bone. 
